Monitoring using acoustical methods:
The power of bioacoustic monitoring
for studying nocturnal migration
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Why study migrants and migration
using acoustic technology?

Survey “boreal-breeders”
that winter in Amazonia
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Why study migrants and migration
using acoustic technology?

Monitor the effects of
humans activities that
create new hazards
for migrants
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What i1s a flight call?

Flight calls are primary vocalizations given in sustained flight.

Many birds produce these vocalizations, usually short (less
than 300 ms) and high frequency (many above 6 kHz).

Flight calls communicate information among/within flocks.

Calls are species-specific, varying in frequency, duration,
and pattern among species.
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Many species produce
flight-calls.

b .

 Evans and O’Brien (2002) covers E North America.

— Earliest IDs from 17-18th centuries, but some IDs
remain unknown until 20 century

 Flight-call identification:
— Diurnal migration
— Associations with migration timing
— Recordings in captivity
« Migratory bird conservation needs flight-calls.
— Best option for monitoring species
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Recording free-flying birds:
the flowerpot mlcrophone

2-9 kHz sensitivity

Detects 6-9 kHz calls (warblers,
etc.) to 200-400m above ground

Detects 2-5 kHz calls (thrushes,
etc.) to 500-800m above ground
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Recording flight-calls with ARUSs
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Recording Type
Captive
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Patterns of bird density and flight-call counts

exhibit wide variation within and among nights.

[E
[e2]
|
1

—— Mean calls per hour
—o— Mean bird density

[N
SN
|
T

= =
o )
Il Il
T

Calls per hour

o N ~ [o)] @
I I I I
T T T T

-+ 100

- 80

- 60

+ 40

1 2 3 4 5 6 7 8 9 10 11 12

Hours after sunset

Nightly temporal pattern of

r 140

+ 120

birds per cubic kilometer

+ 20

bird density and flight-call counts

Number of occurrences of peak

M calls
W bird density

I
o
!

o)} e}
! !

SN
L

N
I

o
|

1 2 3 4 5 6 7 8 9 10 11 12

Hours after sunset

Frequency distribution of peaks of
bird density and flight-call counts

)“ CORNELL LAB of ORNITHOLOGY




Thrushes: 9 October, 2005 — West Point USMA

Base Ref NF
2%2km 16 level
NATIONAL
10{10405 02:58
max: 69 dBZ
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MMS 2005-009: Viosca Knoll Recording

OCS Study
MMS 2005-009

Coastal Marine Institute

Interactions Between Migrating Birds
and Offshore Oil and Gas Platforms
in the Northern Gulf of Mexico

Final Report

P '_'\_
U.S. Department of the Interior ( L | Cooperative Agreement
Minerals Management Service - Coastal Marine Institute
LSU

Gulf of Mexico OCS Region Louisiana State University
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' Avg calls/minute
1 Avg calls/minute w/o 9/10
| Avg calls/minute w/o 9/10, 9/14, 9/29

Calls minute-1

1

Hours after sunset
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OAMRE 9/10
OAMRE 9/29
O COYE 9/10
B COYE 9/29
B OVEN 9/10
B OVEN 9/29

Calls/hr

5

Hours after sunset

)“ CORNELL LAB of ORNITHOLOGY




8-Channel Microphone Array — Oct 2007
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Calls on 8-Channel Microphone array — 10 Oct 2007
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Real-time Auto-detection Network Operating in Boston Shipping Lane

Whales Detected

Last Whale Heard: 2008-01-30 09:08:23 GMT on Buoy DMF1

Current time: 2008-01-30 16:30:25 GMT

e - J' Buoys report their

status periodically, If
they fail to report within
24 hours or have newver
reported they are
considered 'offline.’

Buoy Modes

8 Auto Detection Buoy
I:I Boston Shipping Lanss
MARL {Pop-Lip Buoy)
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Call Location on 19-Channel array — 14 Sept 2007
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Future plans for monitoring migrants

Combine different technologies
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Challenges of applying acoustic technology

Massive amounts of data to analyze

Accelerating pace of software development for
detection and classification — automation

Understanding detectabillity, localization,
calling-rates '

Continued identification challenges _ = g

Species groups that don't calll b‘

Recording environment offshore is noisy!
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Recording free-flying birds




Hanger

Cone Opening

Cone Divider——

Acoustic Foam

Microphone

|t

LV
XLR Cable

Desktop Computer
with Soundcard
record to computer
OR
recording device

Microphone

Recording Device
Preamp

Designed py Michael Lanzone (Lanzone and Farnsworth suprnitted)
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Variation among species IS greater than variation
among individuals and ages and between sexes.

Age

Individuals

Species

0 1 2 3

LFarnsvvon_’th and Ratio of variance in median frequency
anzone In prep. relative to random variation
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Flight-calling behavior is not limited to
migratory periods in warblers.
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Traditional analysis

Syllabic measurements
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o Spectrogram Cross Correlation

— acoustic (particularly “syllabic”)
similarity among species

— identify flight-call “template” for |§
each species that best
correlates with remaining calls

« ACOUSTAT/XBAT

— treat spectrogram data as
probability distributions

— characterize using order i
statistics (e.g. median) T
: I

0.5 06 or 0.

(b)
* K. Cortopassi

)“ CORNELL LAB of ORNITHOLOGY




|

= =% m

Presets {On) EXT 3WN
File Edt Wew Sound Filker Feature Detect Log Annotate Measure Window  Help EXT Sl Detect . =
1 d t t [/ Active =
American Redstar (6 252400y
U f f f f f = [ On j
1:30:47 10
1o 20
9 | i Explain
el | o J-40
n 0 j
Elmi Y M 160
e — [ bEBUG REFRESH ]
=4 4-80
Sl = ]

Parameters ==
( FFT 1 : 2 =

—| Signal Decompozition Parameters |

FFT Size (pts)
|Blz ;J

Data Size (fraz) i
o _ | 7 | [

<

.q“
o
[

cht
o,
[

Overlap Size (frac) 075

= | | L | | \ = - ] e
1:30:48 1:50:4%9 1:50:50 1:30:51 1:50:52 1:30:53 ] |
n SE Ener 1010 v ENCO21°, CI i )X Taper Function
File  View [Farn ;J
In-Band Sighal & Moise Eneragy B
= T 7 i
= ! l ml 2 — Signal Processing Parameters ————— 1}
o ==
D40 — ’1\ | L m | 1 — —
= Block Size (sec) z
Ll WU bl Lt ENE o | ]
. | l
Signal Preprocessing
Ir-Band SMR
T |none j "
L 20— i o]
S 1 _ Moise Estimation
= : :
=z ; = ]
o g #0 ik Jufin owe ol 1g tbdgriaag db g
40= I i : ' ! 1 4
|ne
Candidate Transients
g If .1 ] T " I A Infa
+ 1 Log: DoverlN.ENCO2L a] 2
£ 051 — Length: 3676 E
é" Authort Anne Klingensmith
2 o | | | | | L Created: 03-Jan-2007 14:26:49
5443 5449 5450 5451 5452 5453 5454 thodified: 04-Jan-2007 09:51:34 ;
sen |

M ) _J @ 3’ =] @ _) G) 6 == @https:;‘,l’cuwehlngin.ci‘.‘ l 4& 10 MATLAB - @Micrnsnﬂ: PowerPaint ...

SB0E 7 C;;-@U 10:35 &M




Call Location on 19-Channel array — 14 Sept 2007
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